Demographics {#sec1-1}
============

The incidence of central nervous system (CNS) tumors in India ranges from 5 to 10 per 100,000 population with an increasing trend and accounts for 2% of malignancies.\[[@ref1][@ref2]\] Hospital-based databases capturing CNS malignancies had been analyzed prospectively from registrations in the neuro-oncology clinic of a tertiary care center over a period of 1 year.\[[@ref3]\] Astrocytomas (38.7%) were the most common primary tumors with the majority being high-grade gliomas (59.5%). More interestingly during the presentation, the median age of glial tumors was seen to be at least a decade earlier than reported in the Western population, which could be partially explained by the lower life expectancy and a higher proportion of the younger population in India.\[[@ref3]\] However, the median age of pediatric tumors such as brainstem glioma, medulloblastoma (MB), and supratentorial primitive neuroectodermal tumors (PNET) was comparable with Western population. Another multi institutional effort involving seven tertiary care hospitals reported the epidemiological profile of 3936 pediatric tumor patients.\[[@ref4]\] The most common tumor was astrocytoma (34.7%) followed by MB and supratentorial PNETs (22.4%) and craniopharyngioma. Most of the astrocytic tumors were reported to be low grade commonly pilocytic astrocytoma and subependymal giant cell astrocytoma. This was found to be comparable to data from Western countries or other Asian countries. Similar results were published from a tertiary care center in South India reporting 15 years' experience involving 1043 patients.\[[@ref5]\] The five most frequent tumors were astrocytoma (47.3%), MB (11.4%), craniopharyngioma (9.7%), ependymal tumors (4.8%), and nerve sheath tumors (4.1%).

Impact of Pathology and Molecular Biology on Clinical Outcomes: Contributions from India {#sec1-2}
========================================================================================

Adult high-grade glioma {#sec2-1}
-----------------------

Several novel insights for various aspects of gliomagenesis have been reported by Indian scientists. Some of the key findings include the discovery of protein phosphatase 1 α (PP1A), an enzyme associated with cell cycle, and overexpressed in glioblastoma multiforme (GBM). Expression of PP1A was found to be a strong independent predictor of poor overall survival in p53 positive GBMs.\[[@ref6]\] A 10-microRNA (miRNA) expression signature profiling data of 222 GBM patients were tested, seven of which were risky and three protective RNAs.\[[@ref7]\] Patients were divided into different groups based on the high- or low-risk scores which differed significantly in terms of both short- and long-term survival. Similarly, 14 genes GBM prognostic signature used weighted gene score can be used as an independent predictor of survival as shown in 123 patients.\[[@ref8]\] Interestingly, association was found between inflammatory/immune response pathways and mesenchymal subgroup in high risk. Team under Chosdol *et al*. used five-hypoxia marker set as predictor for induction of notch pathway signaling which is known to be associated with inferior survival.\[[@ref9]\] The present interest lies in understanding the tumor-stroma interactions, the signaling pathways of macrophages/microglial cells with the tumor cells. Recently, the role of macrophage colony-stimulating factor inducing the microglial release of insulin-like growth factor-binding protein 1 leading to angiogenesis has been established.\[[@ref10]\] A brain-specific miRNA miR-219-5p has been identified as a novel tumor suppressor in GBM and can be a potential target for epidermal growth factor receptor (EGFR) pathway.\[[@ref11]\]

It is possible to differentiate primary (or *de novo*) GBM from secondary GBM (having comparatively protracted survival) based on molecular profiling. Jha *et al*. reported the molecular profile of 75 GBMs with reference to TP53, EGFR, phosphatase and tensin homolog (PTEN), and isocitrate dehydrogenase 1 (IDH1) mutations.\[[@ref12]\] For primary GBM, the EGFR amplifications, PTEN mutations were seen in 37.3% and 54.9% of patients, respectively as opposed to 33% and nil in secondary GBMs. In secondary GBMs, the more common mutations were TP53 (66.7%) and IDH1 (44.4%) mutations which were seen in approximately 11% cases with primary GBM. Srividya *et al*. prospectively evaluated 73 adults with newly diagnosed GBM for homozygous 10q23/PTEN deletion which was found to be more frequent in patients more than 45 years of age and associated with inferior outcomes (irrespective of age).\[[@ref13]\] For seven long-term survivors of GBM, molecular analysis has revealed EGFR amplifications (4/7), PTEN protein expression (6/7), O^6^ -methylguanine DNA methyltransferase (MGMT) promoter methylation (5/6), and immunopositivity for p53 (3/7).\[[@ref14]\]

Anaplastic astrocytomas are associated with higher frequencies of IDH1/IDH2, TP53, and ATRX mutations. Jha *et al*. reported the first series for glioma in Indian patients, and IDH1 mutations were prevalent in 68.8%, 85.7%, and 12.8% of all Grades II, III gliomas, and GBM, respectively.\[[@ref15]\] Another series found IDH1 mutations to be 100%, 92.9%, and 12.5% of diffuse astrocytomas, anaplastic astrocytomas, and GBM, respectively.\[[@ref16]\] Somasundaram *et al*. established overexpression of achaete-scute complex like 1 in progressive astrocytomas.\[[@ref17]\] Similar association was found with inhibition of Notch signaling is associated with transformation to high-grade gliomas. Another study established a 16 gene expression signature using prediction analysis of microarrays for differentiating anaplastic astrocytoma from GBM.\[[@ref18]\] Interestingly, epithelial-mesenchymal transition pathway was found to be most differentially regulated pathway in GBM as compared to an anaplastic astrocytoma.

Appropriate radiological evaluation is an integral part of the initial work-up of patients with suspected CNS tumor. Major advances in magnetic resonance imaging (MRI) and functional imaging have led to better anatomical delineation and pathological characterization. Gupta's team attempted to look for the utility of three-dimensional pseudo-continuous arterial spin labeling for grading of gliomas in 64 patients.\[[@ref19]\] For the location of gliomas such as brainstem which precludes surgery and histological diagnosis, radiological features coupled with clinical presentation forms the basis of diagnosis, and tailoring treatment. Baseline MRI features and fluorodeoxyglucose positron emission tomography parameters have been used to predict survival of twenty patients with diffuse intrinsic pontine glioma in a prospective study done at Tata Memorial Hospital (TMH).\[[@ref20]\] A cumulative radiological prognostic index can be used successfully to stratify into different classes with varied outcomes. Imaging plays an important role to differentiate "pseudoprogression" from true tumor progression. Quite a few studies have been published over the last few years exploring the role of various radioisotopes for functional imaging, and some scored over MRI for detecting recurrences.\[[@ref21][@ref22][@ref23][@ref24][@ref25]\]

The standard management of high-grade glioma in the form of maximal safe resection followed by adjuvant radiotherapy (RT) along with concurrent temozolomide (TMZ), followed by 6--12 cycles of adjuvant TMZ has been well established in the last decade or so. Use of intraoperative navigation (with ultrasound or MRI), intraoperative fluorescence, and awake craniotomy with intraoperative functional monitoring is being also increasingly used in the country. Moiyadi *et al*. reported ultrasound as a useful tool in intraoperative localization in CNS tumors.\[[@ref26]\] TMZ for radical treatment of newly diagnosed GBM was introduced in 2001 at TMH with first Indian data reported in 2007, which revealed 2 years survival rate of 28%, consistent with the Stupp's results of the landmark European Organisation for Research and Treatment of Cancer/National Cancer Institute of Canada study.\[[@ref27]\] Similar results in various high-grade gliomas in the Indian population have been summarized in [Table 1](#T1){ref-type="table"}. In a large audit of 102 adults treated with TMZ for newly diagnosed or recurrent or progressive high-grade gliomas, the incidence of neutropenia and lymphopenia were reported to be 7% and 12%, respectively.\[[@ref39]\] Multivariate logistic regression analysis identified female gender, Grade IV histology, baseline total leukocyte count \<7700/mm^3^, and baseline serum creatinine ≥1 mg/dl as factors associated with significantly increased risk of clinically significant acute hematologic toxicity.

###### 

Clinical outcomes of high-grade gliomas as reported in Indian population

![](SAJC-5-147-g001)

The role of targeted therapies is yet to be established for newly diagnosed gliomas. Cilengitide is a selective inhibitor of αvβ3 and αvβ5 integrin. A multicentric study was undertaken in 25 countries with two institutes from India as participants.\[[@ref40]\] For 545 patients with newly diagnosed GBM having methylated MGMT promoter region, random assignment was done to either cilengitide with TMZ chemoradiation or TMZ with RT only. For maintenance, 6 cycles of TMZ were considered with or without cilengitide for 18 months or until disease progression or toxicities warranting stopping the drug. No survival benefits were obtained with cilengitide, and no excessive toxicity was observed. A pure multicentric Indian trial examining the role of nimotuzumab in GBM was carried out as well.\[[@ref41]\] For 56 patients with GBM nimotuzumab was used along with standard chemoradiation concurrently and as a part of maintenance therapy every 3-weekly till disease progression or end of study (5 years). At median follow-up of 27.1 months, the median overall survival and progression-free survival were 14.1 months and 9.3 months, respectively and was reasonably well tolerated.

Indian researchers have been also involved in testing novel hypothesis in improving outcomes in GBM. Studies to examine the role of stem cell compartments have been undertaken. Stem cells lying in the periventricular region of the lateral ventricles and subgranular layer of the hippocampus are responsible for glioma initiation and progression. It has been reasoned that innate resistance of stem cells to present chemotherapy and radiation may be potential barriers for achieving cure in glioblastoma. Studies carried out in the West to look for the correlation of survival with doses of radiation to the stem cell zone had come out with mixed results. In Indian context for forty patients with supratentorial glioblastoma treated with focal conformal fractionated RT, the doses delivered to the subventricular zone (SVZ) were correlated with survival outcomes.\[[@ref42]\] Older age (\>50 years), poor recursive partitioning analysis class, and higher than median of mean contralateral SVZ dose were associated with significantly worse progression-free survival and overall survival. In TMH, a Phase II prospective study is undergoing to look for the correlation of dose to SVZ and patterns of failure.

To overcome the limitations of conventional histological classification, a four-point staging and grouping system have been proposed by experts from a tertiary care center accounting for additional features such as tumor location, age, neurological performance score, and adverse biological parameters.\[[@ref43]\] Central and institutional review of histology is encouraged since poor agreement with local histological typing have been seen in 34 patients with supratentorial glioblastoma.\[[@ref44]\]

Pediatric glioblastoma multiforme {#sec2-2}
---------------------------------

Contrary to their adult counterpart, pediatric GBM, the genetic expression is distinctly different, and a lot of work in their understanding has been pioneered by Indian groups. In a series of 54 pediatric GBM analysis, for expression of p53, EGFR, bcl-2, and retinoblastoma proteins (pRp) was done and correlated with outcomes.\[[@ref45]\] Thalamic lesions were predominantly associated with p53 mutations (75% cases) as compared to cerebral lobar (62.2%), followed by brainstem (30%), and absent in cerebellar tumors. EGFR, bcl overexpression, and loss of pRp were seen in 25.9%, 33.3%, and 7.4%, respectively. Mutation of p53 and bcl-2 overexpression was associated with poor prognosis. The AIIMS group in a cohort of thirty patients found PTEN, EGFR mutations to be rare while TP53 mutations were found to be more common as compared to adult glioblastoma.\[[@ref46]\] Recent work on methylation profiling in 21 cases of pediatric GBM and mutation analysis revealed H3F3A mutants (in all K27M unlike Western data which had also reported G34 in teenagers) in 36.4% of cases but none of the cases were having IDH1 mutation.\[[@ref47]\] A possible role of reactive oxygen species was also demonstrated for pediatric GBMs. The first report of genome-wide profiling of miRNA and small nucleolar RNA in samples from 14 patients with pediatric high-grade gliomas has been carried out by Jha *et al*.\[[@ref48]\] On unsupervised hierarchical clustering, two groups were identified having different survival. The miRNAs unique to pediatric high-grade gliomas were predicted to affect PDGFR and SMAD2/3 pathways as compared to adult GBM.

Owing to the rarity of these tumors, the standard protocol for treatment is yet to be defined, and the difference of opinion exists. In Indian context, a study reported median overall survival of 41.9 months for 23 patients with pediatric glioblastoma treated with similar strategies.\[[@ref35]\] Completion of 6 cycles of TMZ as planned was found to be significantly associated with better survival. Jalali *et al*. found the median survival of 15 months with 1 year and 2 years overall survival rates being 62% and 30%, respectively for 66 patients treated with maximal safe resection followed by focal RT with concomitant and adjuvant TMZ (Neuro-Oncology Practice 2015; in press). Molecular analysis revealed p53 mutation and MGMT methylation in 74% and 37%, respectively and did not impact survival. Thalamic location incompletely resected tumors, and tumors with MIB-1 labeling index \>25% had poor overall survival rates.

Oligodendrogliomas {#sec2-3}
------------------

In Indian population, a study reported loss of 1p and/or 19q in 65% of oligodendrogliomas and 66.7% of mixed oligoastrocytomas as compared to nil encountered in pure astrocytomas.\[[@ref49]\] Suri *et al*. had reported the molecular profiling of patients with oligodendroglioma for the first time.\[[@ref50]\] For 14 pediatric and young adults with age \<25 years with oligodendroglioma investigations revealed none of the cases to be having mutations of IDH1 or TP53, and none of the pediatric patients had 1p/19q deletions. In 71% cases, the promoter region of MGMT gene was seen to be methylated. In pediatric oligodendrogliomas, KAA1549-BRAF fusion with activation of aberrant MAPK/ERK pathway similar to pilocytic astrocytomas has been identified recently.\[[@ref51]\]

In the latest WHO edition, in 2007, GBM with oligodendroglial component (GBM-O) had been defined as a distinct histomorphological entity. In Indian context, a recently published article reported experience with 57 patients with diagnosis of GBM-O confirmed on histopathological review by the institutional neuropathologist.\[[@ref34]\] Patients were treated according to the standard protocols for GBM with maximal safe resection followed by focal RT and TMZ given concomitantly followed by 6 cycles. The results were compared with a cohort of 105 patients with GBM having similar demographic profile and similar treatment strategies. At median follow-up of 16 months, median survival was significantly better for GBM-O as compared to GBM (23 months vs. 14.9 months). Deletion of 1p or 19q was seen in 33% cases, none being co-deleted, and p53 overexpression seen in 44% of the population.

Low-grade glioma {#sec2-4}
----------------

As mentioned earlier for diffuse astrocytomas, IDH1 mutation has been seen to be prevailing in all of 12 patients.\[[@ref16]\] It was seen to have a prognostic value for younger age and longer duration for the entire cohort (including high-grade gliomas also) although not patients with GBM. The optimal management strategy had always been a matter of debate among treating oncologists. Post resection or biopsy treatment options include adjuvant radiation with or without chemotherapy. Jalali *et al*. included 47 patients with supratentorial aggressive low-grade glioma selected meticulously based on the predefined high-risk features on preoperative MRI features and/or histomorphology (unpublished data). They were treated with postoperative focal conformal RT (median dose 55.8 Gy) with concurrent and adjuvant TMZ for 6--12 cycles. All patients had either subtotal resection/biopsy or had ≥3 or more Pignatti's adverse factors. For the entire cohort at a mean follow-up of 31 months, 3 years overall survival was 86% while progression-free survival was 80%. For 31 patients having ≥3 Pignatti's factors, 3 years OS, and PFS were 85% and 73%, respectively.

Medulloblastoma {#sec2-5}
---------------

Histologically, it had been possible to identify four distinct categories, classical variant, desmoplastic, large cell/anaplastic, and MB with extensive nodularity. As per international consensus in 2012, four distinct molecular subgroups have been identified in MB with diverse demographic profile and clinical outcomes-wingless (WNT) pathway, Sonic hedgehog (SHH), Group 3, and Group 4 tumors. In Indian cohort reliable classification of 103 MB has been done using a set of 12 protein-coding genes and 9 miRNA evaluated by reverse transcriptase polymerase chain reaction (RT-PCR) with an accuracy of 97% validated in an independent cohort from the pioneer German group.\[[@ref52]\] The most common group was found to be SHH unlike that seen in the West where Group 4 is mostly seen. Also in Indian cohort, a higher proportion of patients belonged to WNT pathway (22%) which has been the least common in the Western counterpart. For various age groups, the distributions vary considerably with SHH (65%) and WNT (35%) more commonly seen in adults and SHH (67%) and Group 3 (33%) for children \<3 years. Underexpression or overexpression of certain miRNAs have been found to impact outcomes among individual subgroups and can be potentials for targeted therapy.\[[@ref53][@ref54][@ref55]\] A recently published study has recommended a three-tier risk stratification for MB into WNT, SHH, and non WNT/SHH using a panel of IHC markers, RT-PCR for mRNA, miRNA expression, and FISH for MYC amplification.\[[@ref56]\]

Certain tumors such as MB, intracranial germ cell tumor, and PNET have high propensity to disseminate through cerebrospinal fluid (CSF) which mandate the imaging of entire neuraxis supplemented by analysis of CSF. Postoperative imaging is required for all cases to assess the extent of resection. A prospective study is being carried out where MRI features are used to predict molecular groups.\[[@ref57]\] Initial results have shown encouraging results where the radiological prediction correlates with RT-PCR based molecular classification in over 80% cases for certain subgroups such as SHH-driven tumor.

MBs are treated with maximal safe resection followed by radiation with or without chemotherapy based on risk stratification. The three factors-ages during presentation, presence of metastatic disease, and postsurgical residual disease are used for the conventional risk stratification which categorize to standard- and high-risk disease. The present practice also includes tumors with poor biological behavior like anaplastic histology or Group 3 tumors to be considered as high risk. Craniospinal irradiation (CSI) forms the cornerstone in the treatment of MB. For average risk patients in the pediatric age group, the standard of care remains CSI to a dose equivalent to 23.4 Gy in 11 fractions followed by boost to the tumor bed up to a dose of 54--55 Gy along with vincristine used concomitantly on weekly basis. This is followed by 6 cycles of vincristine, cyclophosphamide, and cisplatin-based chemotherapy. In adults with standard-risk CSI (35 Gy in 21 fractions) and boost to 54--55 Gy are used without any chemotherapy. For patients with high-risk standard dose CSI (35 Gy) is delivered concurrently with carboplatin for first 15 fractions and the entire posterior fossa is boosted up to 54--55 Gy. Boost is also considered for areas with gross disease. Adjuvant chemotherapy follows same protocol as in standard-risk with reduced dose CSI. Following appropriate treatment, the outcomes are good for MB and 5 years survival rates are beyond 80% in standard-risk disease.

A relatively large series with 365 patients of MB aged \<18 years treated over a period of 25 years reported 5-year and 10-year progression-free survival rate was 73 and 41% for average-risk disease while for high-risk disease rate it was 34%.\[[@ref58]\] However, inferior survival rates were reported from a center in South India, with adult populations performing comparatively better.\[[@ref59]\] However, the recent reports have been encouraging where for 25 patients with average risk MB treated prospectively with hyperfractionated RT (HFRT), 3 years overall survival was observed to be 83.2% with preserved cognitive function.\[[@ref60]\] The survival has been considerably different among various molecular subgroups and first Indian data reported from Tata Memorial Centre with WNT tumors performing the best while Group 3 associated with worst outcomes.\[[@ref52]\] The use of HFRT for 20 patients without upfront platinum-based chemotherapy resulted in preserved hearing in a large proportion of patients in the audible speech range.\[[@ref61]\]

Other brain tumors {#sec2-6}
------------------

Three tertiary care centers from India involving 95 cases of CNS germ cell tumors found germinoma to be the most common histopathological subtype and pineal region to be the most common location (unpublished observation). At 5 years, the event-free survival was 72.1%. Age \<10 years, pineal location and germinoma/teratoma histology were associated with significantly favorable outcome. For 15 patients with intracranial atypical teratoid rhabdoid tumor had been 10 months.\[[@ref62]\] On univariate analysis extent of surgery, CSI and MIB-1 labeling index were found to be significant predictors of overall survival. A retrospective audit of 15 patients with nonpineal supratentorial PNET revealed the estimated event-free survival to be 4.12 years for a median follow-up of 22.6 months.\[[@ref63]\] For 17 patients with pinealoblastoma, the 2 years actuarial overall survival have been reported to be 85.6%.\[[@ref64]\] Leptomeningeal spread at diagnosis was seen in 4 patients during presentation and age more than 8 years, and no metastasis were significant predictors for better relapse-free survival. For 44 patients with primary CNS lymphoma treated at TMH, overall survival was found to be 83% (ASNO 2013) treated with high-dose methotrexate and RT.

The functional, neurocognitive, and neuroendocrine evaluation was done prospectively for 71 patients with residual or recurrent craniopharyngioma.\[[@ref65]\] At a mean follow-up of 36 months (range 6--98 months), 63 patients were controlled with a 5-year OS of 95.6% and 5-year PFS of 92.3%. Mean Barthel\'s index (BI) score at baseline, 2 years, and 4 years were 95.0, 100, and 100, respectively. Pre-RT BI score was significantly lower in visually challenged (*P* = 0.007), low KPS score, poor neurological function status (NPS), and in patients with severe hydrocephalus (*P* = 0.031). Loewenstein Occupational Therapy Cognitive Assessment scores showed improvement in visuomotor/thinking and maintained in orientation, spatial perception, thinking, and attention concentration domains. At baseline, 73% patients had hormone deficiency in at least one axis. Pre-RT BI score was significantly lower in visually challenged, low KPS score, poor NPS, and severe hydrocephalus.

Neurocognition and Quality of Life {#sec1-3}
==================================

Improving survival outcomes with newer treatment strategies have increased the concern regarding the quality of life (QOL) which can be affected by any of the treated modalities or by the tumor itself. Several questionnaires and tools exist to assess the functional and psychological status of patients with brain tumor encompassing different domains. For 38 young adults and pediatric patient with low-grade brain tumor prospectively treated with high-precession conformal RT, activities of daily living have been evaluated using Barthel\'s battery.\[[@ref66]\] Postsurgery patients were having lower than normal scores, and at 2 and 3 years follow-up post-RT, no further decline was observed. Post-RT maximum improvement was seen in ambulation-related domains. Visually challenged patients were found to have significant improvement in scores. Two large series investigating functional/psychological impairments and QOL scores in adults with primary brain tumor reported certain factors such as performance score, nature of tumor (benign vs. malignant), location of tumor (cerebral vs. cerebellar), status of education to impact them significantly.\[[@ref67][@ref68]\] Interestingly, it has been found that younger age (\<15 years) and radiation dose to left temporal lobes affect adversely neuropsychological outcomes for patients treated with RT.\[[@ref69]\]
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